Out of 112 offspring obtained from crosses between X-irradiated males and non-irradiated females, nineteen had chromosome abnormalities. There were 11 reciprocal translocations between autosomes , two inversions, two complex translocations, one deletion of Xq, one isochromosome of Xq, one marker chromosome and one numerical abnormality (23, XXX). The marker chromosome was chromosome 6 bearing an extra segment on the short arm . Among animals with these rearrangements , two males with complex translocations, a female with a deletion of Xq and a female with an isochromosome of Xq, were sterile. On the other hand, the 23,XXX female was fertile , but all the offspring were karyotypically normal (22,XX or XY). Among offspring of other fertile animals, male and female heterozygotes with the same chromosome rearrangements as the parents were all fertile. Strains with these chromosome rearrangements are presently maintained by the authors . These animals serve as useful materials for various cytogenetic studies .
INTRODUCTION
A considerable number of mouse stocks with various chromosome rearrangements, such as Robertsonian translocatons, reciprocal translocations and inversions, have been established.
Most of these rearrangements have been primarily induced by radiation and chemical treatment (Snell 1946; Carter et al. 1955; Cattanach 1961) , and some were found to occur spontaneously (Evans et at. 1967; white and Tjio 1968) . Moreover, strains with Robertsonian translocations were established from the tobacco mouse, Mus poschiavinus , which had 26 chromosomes including 7 pairs of fusion metacentrics (NF =40) (Grope et al. 1972) . In particular, heterozygotes of such reciprocal and Robertsonian translocations produce chromosomally unbalanced gametes by the irregular meiotic disjunction (Tettenborn and Gropp 1970) , and eventually they produce unbalanced zygotes by their backcrosses (Cattanach and Moseley 1973; Gropp 1973; white et a1.1975) . In the Chinese hamster, on the other hand, there have been reported only a few stocks with chromosome rearrangements (Sonta 1979; Sonta and Oishi 1982; Tateno and Mikamo 1982) . In the present study, we reported the production and fertility of further Chinese hamster stocks with X-ray-induced chromosome abnormalities including reciprocal translocations and inversions.
MATERIALS AND METHODS
Animals used in this study were from CHS/Idr inbred strain of the Chinese hamster established in our laboratory.
Two hundred and forty males, 25 weeks old, were given 400 R of X-irradiation (200 kVp,15 mA, 27.9 R/min). One hundred and twenty non-irradiated females were then used to cross with the irradiated males. At 4 and 5 weeks after irradiation, when male gametes irradiated possibly at the spermatocyte stage, each female was caged with four irradiated males, respectively.
When off sprnig were obtained, tail tissue of the offspring at 3-5 weeks old was cultured for chromosome study. The chromosomes were analyzed with R banding (Dutrillaux et al. 1973) . The karyotypes were arranged according to the nomenclature of Ray and Mohandas (1976) .
The fertility of animals with chromosome abnormalities was examined by crosses with karyotypically normal males or females. In females, the estrous cycle was observed with the vaginal smear. A female at estrus was mated with four males, respectively, and the successful insemination was distinguished by the presence of a vaginal plug or sperms in the vaginal smear. The female was defined to be sterile when, regardless of more than 10 such recognitions of successful insemination, she showed no sign of pregnancy and bore no offspring. Mature males, on the other hand, were defined to be sterile when, regardless of more than 10 matings with a different young female (4-5 months old), no sperm was seen in the vaginal smear of the female mated consistently with the male all the time. Finally, biopsy of testes and histological analysis of gonads of sterile animals were performed to confirm their sterility.
RESULTS
Out of 120 females crossed with X-irradiated males, 41 were delivered out of a total of 115 offspring, 60 males and 55 females. Except for two males and one female which died before chromosome examination, 19 of these animals showed abnormal karyotypes, one numerical abnormality and 18 structural abnormalities.
Numerical abnormality:
The Chinese hamster with a karyotype of 23,XXX was a phenotypically normal and fertile female. Ten offspring (6 females and 4 males) obtained from three pregnancies of this female had all normal diploid karyotypes of 22,XX and 22,XY, so no offspring was obtained with a karyotype of 23,XXX or 23,XXY derived from oocytes with two X chromosomes.
Structural abnormalities:
The sex and fertility of animals with structural rearrangements, and break points of these rearrangements are shown in Table 1 . There were 11 reciprocal translocations, two inversions, two complex translocations, one deletion, one isochromosome and one marker chromosome (Fig. 1) . All the reciprocal translocations were between autosomes. Eight stocks with these reciprocal translocations, T(7;9) l6Idr, T(1;5) l7Idr, T(2;3)l9Idr, T(4;8)20Idr, T(1;6)23Idr, T(2;4)24Idr, T(3;9)26Idr and T(1;3)29Idr, had two marker chromosomes which were both clearly different from other chromosomes. In the remaining stocks with reciprocal translocations, however, only one marker chromosome was distinguishable from other chromosomes with conventional Giemsa staining.
Both inversions were pericentric; one was chromosome 1 [INV(1)21Idr] and the other was chromosome 4 [INV(4)25Idr] (Fig. 2) . Two males [T(1;6;7)l5Idr and T(1;3;4)22Idr] had complex translocations which were involved in chromosomes 1, 6 and 7, and chromosomes 1, 3 and 4, respectively (Figs. 3 and 4 ). These were all balanced types. On the other hand, one female [MAR14Idr] had a marker chromosome which was chromosome 6 bearing an extra segment on the short arm. The whole extra Table 1 . X-ray-induced chromosome rearrangements in the Chinese hamster: origin, structure and fertility segment was shown to be inactive with banding and, therefore, it seems that the segment was derived from a part of the X or Y chromosome (Fig.  lb) . One female had a deletion of the long arm of X chromosome [DEL(X) 27Idr], and another female bore an isochromosome of Xq [I(X)28Idr] (Fig. lc) . Chromosomes involved in these rearrangements were 7 of chromosome 1, 5 of chromosomes 2 and 4, 4 of chromosome 3, 3 of chromosome 6 and the X chromosome, 2 of chromosomes 5, 7 and 9, and 1 of chromosome 8. The number in each chromosome was fairly proportionate to the chromosome length.
Fertility examination of these animals revealed the sterility of both males with complex translocations, a female with a deletion of Xq, and a female with an isochromosome of Xq. On biopsy of testes of the sterile males, no sperm was seen in these materials. In histological analysis of the sterile females, on the other hand, no mature follicle with an oocyte was seen in their gonads either.
Among offspring obtained from other fertile animals, all males and females with the same chromosome rearrangements as the parents were found to be fertile. Arrows indicate these break points .
DISCUSSION
In the crosses between males with testicular X-irradiation of 400 R and non-irradiated females in the Chinese hamster, the frequency of offspring with chromosome abnormalities was 17.0%. The acute testicular X-irradiation caused breakage in all chromosomes except chromosome 10 and the Y in the present study. While Tateno and Mikamo (1982) reported that chromosome 2 was more X-ray sensitive than others in the Chinese hamster, the present results indicate that no specific chromosome is so X-ray sensitive; the number of these chromosomes distributed in rather good proportion to its length.
Since a mouse line having a marker chromosome was first used by Ford et al. (1956) to identify donor cells injected to produce chimeras, mice with such chromosome rearrangements have been used in various studies (Cattanach and Moseley 1973; Ford and Evans 1973; Gropp 1973; White et al. 1975) . Especially animals heterozygous for reciprocal and Robertsonian translocations produce gametes with unbalanced and specific karyotypes including nullisomy and disomy of the chromosomes (Tettenborn and Gropp 1970; Searle et al. 1971) . On account of morphologically uniform chromosomes in the mouse, however, it is often difficult to find the exact chromosome constitution except for some rearranged chromosomes such as enormous, tiny or biarmed ones. In that point, Chinese hamsters with chromosome rearrangements might be more effective in various cytogenetic studies because of the low diploid num- her and morphological characteristics of the Chinese hamster chromosomes . In the Chinese hamster, however , stocks with chromosome rearrangements reported are still insufficient (Sonta 1979; Sonta and Oishi 1982; Tateno and Mikamo 1982) . Therefore, the present cases with various chromosome rearrangements are very valuable. Eight stocks of T (7; 9)16Idr , T (1;5)17Idr, T(2; 3)19Idr, T(4;8)20Idr, T(1;6)23Idr, T(2;4)24Idr , T(3;9)26Idr and T(1;3)29Idr are especially advantageous because of the morphological characteristics of the two marker chromosomes.
The female Chinese hamster with a 22,XXq-karyotype in the present study was phenotypically normal but sterile, while XO individuals in some rodents including mice are well known to be normal and fertile females except for their small litter size (Welshons and Russell 1959; Cattanach 1962; Yosida et al. 1974) . On the other hand, animals with complex translocations among three chromosomes were seen in two out of 112 offspring, and both were sterile. Therefore, this result suggests that , if offspring obtained from Xirradiated animals are carefully observed, one might find such complex cases with a certain frequency in the sterile group.
Chinese hamster strains heterozygous for chromosome rearrangements have been established from the fertile animals, and the production and fertility examination of these homozygotes is now in progress.
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